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(57) ABSTRACT 

The present invention discloses a gas delivery apparatus for 
control of process and purge gases is disclosed that is 
suitable for use in a semiconductor processing system. The 
gas delivery apparatus includes a base plate integrating a 
printed circuit board and a heating layer. In addition, the gas 
delivery apparatus includes a plurality of gas stick compo- 
nents mounted on the base plate. Specific gas components 
are coupled to the integrated printed circuit board, which 
provides an electrical interface to the control electronics. 

20 Claims, 7 Drawing Sheets 
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SYSTEM AND METHOD FOR PROVIDING 
AN INTEGRATED GAS STICK 

BACKGROUND OF THE INVENTION 

The present invention relates generally to modular gas 
delivery systems for semiconductor process equipment. 
More specifically, the present invention relates to integrated 
gas sticks for delivering hazardous and non-hazardous semi- 
conductor process gases. 

FIG. 1 is an illustration showing a conventional semicon- 
ductor processing system 100. The conventional semicon- 
ductor processing system 100 includes a gas source 102, a 
gas delivery system 104 connected to the gas source 102 via 
gas lines 106, and a processing chamber 108 connected to 
the gas delivery system 104. The gas delivery system 104 
further includes gas sticks 110 coupled to the gas lines 106. 

The conventional semiconductor processing system 100 
depends on the use of several hazardous and non-hazardous 
processing gases and carefully measured delivery of a dozen 
gases from the gas source 102 to the processing chamber 108 
via the gas lines 106 in a synchronized mode. Such systems 
usually require gas delivery systems 104 for coupling high 
purity gases for semiconductor processing systems. 

Usually components of the gas delivery system 104 are 
mounted on a common plate before mounting in an enclo- 
sure and most are configured and designed to meet specific 
needs. This configuration poses draw backs including the 
time it takes to trouble shoot, rework, repair, and assemble. 
When tubes are welded to fittings, the generated heat during 
the welding process physically and chemically degrades the 
electropolish of the portion of the tube near the weld. The 
degraded portion of the heat effected zone is a further source 
of particle accumulation and contamination. 

Thus conventional gas delivery systems 104 having a 
large number of fittings and welds are often incompatible 
with the requirements for ultra clean gas systems where 
extremely low levels of contaminants and particles are 
required. Additionally, gas boxes having excessive tubing 
require significant amounts of time to purge and isolate 
which can result in expensive downtime of essential manu- 
facturing equipment. Still further, the more tubing a gas box 
has, the more wetted surface area it has, which increases its 
likelihood of being a source of contamination in a manu- 
facturing process. 

FIG. 2 is block diagram showing a conventional gas stick 
110. The conventional gas stick 110 includes a mass flow 
controller 200, pressure sensor 202, regulator 204, filters 
206, purge device 208, input shutoff valves 210, and a base 
plate 212 mounting the above components. In a typical 
semiconductor processing apparatus, multiple gas sticks 110 
connect gas sources to processing chambers such as chemi- 
cal vapor deposition systems or plasma etch systems. 
Generally, the gas sticks 110 are mounted on a frame called 
a gas box. 

In semiconductor manufacturing, processes have become 
increasingly intolerant of particle contamination as the 
dimensions of semiconductor devices decrease and there is 
less room to accommodate more components. One source 
for particle contamination is the gas stick itself that delivers 
gases from the source of high purity gases to the semicon- 
ductor processing chamber where such particle contami- 
nants commonly get deposited onto the semiconductor 
devices that are being processed. Another source for particle 
contamination is the exposure of components in a gas 
delivery system to room air during maintenance and repair 
of individual gas stick components. 
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In view of the forgoing, what is needed is an apparatus for 
rapidly and easily configuring a gas box which reduces or 
eliminates the numbers of welds, fixtures, and tubing incor- 
porated therein. The apparatus should allow installation of 

5 components of the gas delivery system so as to save time to 
trouble shoot, rework, repair, and assemble. Moreover, the 
apparatus should lessen the excessive tubing required to 
purge gases in order to reduce the time to purge and 
significantly reduce the quantity of contaminants entering 

10 the semiconductor process system during installation and 
repair. 

SUMMARY OF THE INVENTION 

The present invention addresses these needs by providing 
15 an integrated gas delivery system. In one embodiment, a gas 
delivery apparatus for the control of process and purge gases 
is disclosed that is suitable for use in a semiconductor 
processing system. The gas delivery apparatus includes a 
base plate having a printed circuit board and an optional 
20 heating layer. In addition, the gas delivery apparatus 
includes a plurality of gas stick components mounted to the 
base plate. Specific gas stick components are coupled to the 
printed circuit board, which provides an electrical interface 
for specific gas stick components. 

is 

In another embodiment, a gas delivery system for the 
control of process and purge gases is disclosed that is 
suitable for use in a semiconductor processing system. The 
gas delivery system includes a base plate, and a plurality of 

3Q integrated gas sticks coupled to the base plate. Each inte- 
grated gas stick includes a plurality of gas stick components 
and a base plate having a printed circuit board and a heating 
layer. Specific gas stick components of each integrated gas 
stick are coupled to the printed circuit board of the integrated 

35 gas stick, which provides an electrical interface for specific 
gas stick components of the integrated gas stick. 

Advantageously, the present invention provides solutions 
to the delivery of process gases to a semiconductor process 
system such as a chemical vapor deposition system or a 

40 plasma etch system by reducing the time it takes to trouble 
shoot, rework, repair and assemble. The condensation of 
caustic gases can cause accelerated corrosion and additional 
contamination, but is reduced in the present invention by 
heating the gas components. This heating is accomplished 

45 by integrating a heating layer integrated into the base plate. 
The present invention also reduces the requirements for 
purging and particle contamination by reducing excessive 
tubing. The gas stick components themselves are standard, 
being chosen from gas delivery systems for semiconductor 

50 process equipment. 

Moreover, the present invention provides solutions for 
manufacturing of semiconductor process equipment by 
minimizing the pneumatic plumbing, eliminating the elec- 
trical harness, providing for front access to the electronics 

55 such as the interface to a circuit board. Also, the integrated 
gas stick approach to gas box design enables on-the-fly 
configuration, reduced manufacturing time (for a gas box), 
improved serviceability, and improved servicing and manu- 
facturing ergonomics. The gas stick itself is replaceable 

60 reducing the mean time to repair (or MTTR). Unlike the 
prior art, the input and the outputs of the gas sticks can 
originate or terminate at nonstandard locations in the gas 
box. 

BRIEF DESCRIPTION OF THE DRAWINGS 

65 

The invention, together with further advantages thereof, 
may best be understood by reference to the following 
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description taken in conjunction with the accompanying stick) units is dependent on the gas requirements of the 

drawings in which: process. The number of integrated gas sticks typically ranges 

FIG. 1 is an illustration showing a prior art semiconductor kom three to twelve, however, the present invention is 

processing system; equally applicable for any number of gas sources and for any 

in^ -» • i_i i j- u , 5 number of gas components. 

FIG. 2 is block diagram showing a prior art gas stick; ™ 47 . . \. . . e 

& 6 r & The present invention provides integration of components 

FIG. 3 is a block diagram illustrating an integrated gas in a gas delivery system so that it saves time to trouble shoot, 

suck, in accordance with an embodiment of the present rework , repair| and assem ble, and also, lessens the contami- 

mvention; nation of particles in the gases that are delivered to semi- 

FIG. 4 is an illustration showing an integrated gas stick, 10 conductor processing tools. The integrated gas stick tech- 

in accordance with an embodiment of the present invention; nology reduces the pneumatic plumbing, eliminates 

FIG. 5Ais an illustration showing a cross-sectional view electrical harness, provides front access to electronics, and 

of a three layer base plate, in accordance with an embodi- enables on-the-fly configurations thereby reducing the mean 

ment of the present invention; time to repair (M lTK). 

FIG. 5B is an illustration showing a cross-sectional view 15 The integrated gas stick 300 of the present invention 

of a four layer base plate, in accordance with another enables on-me-fly configuration, reduced time for manufac- 

embodiment of the present invention; turing a gas box and improved ergonomics by allowing each 

FIG. 6 is an illustration showing a top view of a base plate, S 35 stick 300 to be individually removed and mounted. Since 

in accordance with an embodiment of the present invention; each & as f tick ind ™ dua Uy replaceable, the mean time 

an( j 20 to repair (or MTTR) is greatly reduced. Moreover, unlike the 

FIG. 7 is an illustration showing a mixed integrated gas P ™ ?■ thc f i T ut ^ * ***** can 

stick configuration, in accordance with an aspect of The at non-stendard locations in the gas 

present invention. boX ' 35 descnbed 10 S reater detai1 subsequently. 

With continuing reference to FIG. 3, as gas enters from a 

DETAILED DESCRIPTION OF THE 25 gas source, it enters the integrated gas stick 300 via the 

PREFERRED EMBODIMENTS manual inlet valve 302 is opened. Each gas stick 300 is 

a • - .-I At: . 4 . « t * • associated with an individual processing gas before the 

An invention is disclosed for an integrated gas delivery „ woc . ar t . nmofl(1 ■ , f ^ m & & . . 

c j , « • it . * , , 3 gases enter the processing chamber. The pressure regulator 

system capable of modular assembly/d^assembly and hav- transducer 304 control the pressure of Iheprocessmg gas 

ing an mtegrated pnnted circuit board (PCB) for electrical 3Q as ^ , he ^ ^ ^ ^ { 

control and a heater for reducing condensation in cases. In . . • , . . . , 5 , 

5 , t .? . needed, signals are sent to the transducer 304 of that 

the following description, numerous specific details are set n ° . , . ™ . . , # . 

n . , & . .j u j * j * r *u particular gas stick 300 to respond. The transducer and the 

forth m order to provide a thorough understanding of the „„„„„ • • tU P 

, . i, mi u . u . pressure regulator 304 in union control the passage of the 

present invention. It will be apparent, however, to one , _ . , , „, 

i »n » • .« , ... .. .. ^ . « particular processing gas along the gas stick 300. Since 

skilled in the art, that the present invention may be practiced „ f . tU 66 6 f . . 

... « „ / . . * K . 35 pressure in the gas sources can vary during eas delivery, a 

without some or all of these specific details. In other v , , lft . . , # i . • 

... t v . . , j pressure regulator 304 is used to regulate the gas pressure in 

uistances, well known process steps have not been described fu • , . j i i_ r « . , 

* F .. . . ' the integrated gas stick before the gas flow is metered by the 

in detail in order not to unnecessarily obscure the present 3J2 

invention. . , « 

ct^c -1 j 1 • .« 1 . c An integrated solenoid bank controls gas flow in the 

l aDd 2 ww» descnbed in terms of the pnor art. 40 > mW ^ gas stick ^ ^ ^ bank C0Dverts electrical 

FIG. 3 is a block diagram illustrating an integrated gas stick qM gi ^ (received from ^ COQtrol electronics) t0 

300, in accordance with an embodiment of the present matic CQQUol s{ ^ ^ ^ ^ contro / thc 

mvention. The integrated gas stick 300 includes a manual pneumatic valves which the % rocess gas and purge 

inlet 302 a pressure regulator and transducer 304 a pneu- flow ^ fikef m fa ifl ^ tQ fcduce ^ amount ^ f 

matic valve 306, a filter 308 a purge valve 310, and a mass 45 C0Dtaminants from process gas . 

flow controller 312. The integrated gas stick 300 further T • j _ * 1 • « « 

includes a base plate 314 attached to the above gas stick . In ^^^f manufacturing, processes have become 

components having a heating layer 316, a stiffening element J™?** ^tolerant of particle contamination as the 

318, and a PCB 320. In use, several individual integrated gas dime ™ of semiconductor ^devices decrease resulting in 

> mn * j * , c j 1- less room to accommodate additional components. Dust and 

sticks 300 are mounted in a gas box for use as a gas delivery c n r 1 * • j 

t moisture are common sources for particle contamination and 

™. ^ „„ n . „ corrosion. Conventional gas sticks are usually the prime 

The PCB 320 and heater layer 316 are integrated to form cause for rtide contalnination . ^ present 

the base plate of the integrated gas stick 300. The base plate reduces slick contamilia t io „ through ^ use of a heater 

provides mechanical structore for the components of the gas and fllter> as described fa reater detail subsequently . 

une now control (Mhc;, ti ter, purge valve (V-Wock), so e- 55 ^ additioi)al 

cause of particle contamination is exposure 

now oanK, pressure regulator, pressure transducer, inlet of tick 

components to room air during maintenance and 

valve, heater, eta The gas s ick component s cleaned ^ of , be com enls . Prior B to manufacturingj 

mterface is made through he integral PCB to the gas control J . done C0Dtaminates th f 

ystem. By routmg «U of the electrical connections through act as ,JJ££ t0 ^ flow . mass ^[ ow controUers are 

the base plate, cable lengths to the electrical and electrome- eo usuall ^ wherever accurate meaS urement and control of 

chanical component are reduced and airflow is improved. j/ required . Mass flow is measured by adding 

ConventionaUy the gas sticks in a gas dehvery system are heat t0 a ^ and moniU5riog , he temperature change. From 

mounted on a palette common to all the gas line compo- the First Uw of Thermodynamics, 
nents. This palette is in turn mounted in the gas box. The 

present invention segments the traditional palette into indi- 65 Q -m Cp deiu (T) 

vidual units. Each set of components is mounted on a base where if *Q' is the heat lost to the gas flow, 'Cp' is the 

plate 314. The actual number of base plate (integrated gas specific heat at constant pressure, and 'delta (T)' is the 
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change in temperature, then 'm* or the mass flow can be 
determined from all the previous parametrics. 

FIG. 4 is an illustration showing an integrated gas stick 
399, in accordance with an embodiment of the present 
invention. The integrated gas stick 399 includes a base plate 5 
400 having a stiffening element 401, a PCB 402, and a heater 
layer 403. The integrated gas stick 399 further includes a 
mass flow control (MFC) 404, a filter 405, a purge valve 

406, a solenoid bank 407, a pressure regulator 408, a 
pressure transducer 409, and an inlet valve 410. 

It should be borne in mind that the base plate 400 for the 
integrated gas stick 399 includes not only the stiffening 
element 401, but also a printed circuit board (PCB) 402 and 
a heater layer 403. Hence, the base plate 400 for the 
integrated gas stick 399 provides a mechanical support 
structure for the components of the integrated gas stick 399 15 
and also provides power to the heating layer 403 and a 
printed circuit board 402 that routes the electrical connec- 
tions from the components. In the present invention, elec- 
trical connections from the transducer, solenoid bank 407 
and mass flow controller (or MFC) 404 are routed through 20 
the printed circuit board (or PCB) 402 integrated into the 
base plate 400. Short cables from these components plug 
directly into the base plate 400. 

By routing all of the electrical connections through the 
base plate 400, cable lengths are reduced and airflow is 25 
improved. In addition, the heater layer 403 is integrated into 
the base plate 400 on the surface facing the components. The 
material supporting the heating element preferably made 
form a material, which has low thermal conductivity and 
high mechanical stiffness. To further reduce heat loss to the 30 
gas box, an insulating layer can be added. The power for the 
heater layer 403 is routed through the PCB 402 which is 
integrated in the base plate 400. 

The base plate 400 provides support structure for the 
components of the integrated gas stick 399 such as: MFC 35 
404, filter 405, purge valve (V-Block) 406, solenoid bank 

407, pressure regulator 408, pressure transducer 409, and the 
inlet valve 410. These individual components of the inte- 
grated gas stick 399 are fastened onto the base plate 400 so 
that the alignment of the components is fixed. To reduce 40 
unintentional movement, which could cause stress to the gas 
stick components, the integrated gas stick is fastened to the 
gas enclosure. 

During repair, rework or assembly, an individual gas stick 
399 can be exchanged, replaced, or installed. The individual 45 
gas sticks do not require standardized locations for gas inlet 
and outlet. This level of flexibility allows for multiple 
configurations of gas sticks 399, provided that the appro- 
priate mounting features are present in the gas box. 

Generally, there are four categories of gases in semicon- 50 
ductor production: inert, toxic, caustic and flammable. Out 
of the four categories of gases, the first type is of least 
concern for exposure or accumulation in the gas box. The 
remaining three require purging (of the gas line) before 
servicing the components. If there is a leak in a gas line or 55 
a gas box carrying one of these gases, there can be severe 
consequences effecting both the hardware and the operators. 
In order to reduce this hazard, air in the box is purged at a 
rate sufficiently high to reduce "dead spots" where there is 
little or no air circulation. 60 

The integrated solenoid bank 407 controls gas flow in the 
gas stick 399. Having a solenoid bank 407 on each gas stick 
399 reduces the required length of pneumatic lines as they 
are kept short and direct. This further improves the airflow 
in the gas box. 65 

Further, a common reason for the obstruction of the 
airflow in gas delivery systems occurs from the cabling of 
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electrical and pneumatic harness that lace through the gas 
box enclosure. By eliminating much of the cabling and the 
pneumatic harnesses, the required airflow through the gas 
box can be achieved. In the present invention, much of the 
cabling runs through the integrated printed circuit board 
(PCB) 402. This cabling includes the short cabling from the 
transducer 409, solenoid 407, and the MFC 404 that plug 
directly into the base plate of the individual gas stick 399. 
Also, in the present invention, bulky pneumatic lines are 
reduced by placing the solenoids 407 adjacent to the pneu- 
matic source, so that the solenoid 407 controls the signals 
interfaced by the PCB 402. 

FIG. 5A is an illustration showing a cross-sectional view 
of a three layer base plate 500, in accordance with an 
embodiment of the present invention. The three layer base 
plate 500 includes a heating layer 502, a stiffener layer 504 
disposed below the heating layer 502, and PCB 506 located 
below the stiffener layer 504. Preferably the stiffener layer 
504 is composed of a low thermal conductivity material. In 
FIGS. 5A and 5B, the stiffening layer, PCB and Insulating 
layer need not be in this order. Their stacking order can be 
changed to meet requirements of a specific design. 

As stated previously, the base plate 500 includes not only 
the stiffening layer, but also a printed circuit board 506 and 
a heater layer 502. Hence, the base plate 500 of the present 
invention provides a mechanical support structure for the 
components of the integrated gas stick and also provides a 
supply line for the heater layer 502 and a printed circuit 
board 506- that routes the electrical connections from the 
components. In the present invention, electrical connections 
from the transducer, solenoid and mass MFC are routed 
through the PCB 506 integrated into the base plate 500. 
Short cables from these components plug directly into the 
base plate 500. 

It should be borne in mind that not all gas lines require 
heating, hence the use of a heater layer 502 is optional. 
However, for lines that require heating, the heater layer 502 
provides the required heat to the processing gas. For 
example, caustic gases tend to condense in the gas line and 
cause accelerated corrosion. The heating layer 502 reduces 
condensation by providing heat to the gas line. 

FIG. SB is an illustration showing a cross-sectional view 
of a four layer base plate 550, in accordance with another 
embodiment of the present invention. The four layer base 
plate 550 includes a heating layer 552, an insulator layer 554 
disposed below the heating layer 552, a stiffener layer 556 
located below the insulator layer 554, and a PCB 558 
disposed below the stiffener layer 556. 

During operation, the insulating layer 554 of the base 
plate 550 provides additional insulation from the gas box. If 
more heat is lost in heating the gas box, more heat will have 
to be generated by the heating layer. This not only increases 
the power requirement of the heating layer, but also the 
requirement of the power supplies providing the heater with 
power. Providing this additional insulating layer will 
improve heating efficiency and keep unnecessary heat from 
adjacent integrated gas sticks. 

FIG. 6 is an illustration showing a top view of a base plate 
600, in accordance with an embodiment of the present 
invention. The base plate 600 includes adjacent integrated 
gas stick base plates 602 having notches 604 and "through 
holes" 606. In addition, a controlled gap 608 is located 
between adjacent integrated gas stick base plates 602. 

The base plate 600 as well as the PCB and the heating 
layer employ notches 604 and "through holes" 606 in 
conjunction with the gas box design. Together with plenums 
and manifolds built into the gas box, these features (604, 
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606, 608) control the air flow in the gas box, minimize dead 7. A gas delivery apparatus as recited in claim 6, wherein 

spots, and, thereby, reduce the amount of air required to keep the base plate and plurality of gas stick components are 

the gas box free of dead spots. capable of being used in conjunction with other gas sticks of 

FIG. 7 is an illustration showing a mixed integrated gas variable length, 

stick configuration 700, in accordance with an aspect of the 5 8, a gas delivery apparatus as recited in claim 1, wherein 

present invention. The integrated gas stick configuration 700 mc basc platc as through holes. 

includes gas sticks 702, 704, and 706, integrated gas inputs 9 A gas delivery apparatus as recited in claim h wherein 

708 integrated gas outputs 710 me luram of slick componenls mclude a purge valve . 

^ 0WD /° m ?' 7 > < he leo * th of eac u h 8 as stlck 7° 2 ' 7 °1 J 10. Agas delivery apparatus as recited in claim 1, wherein 

and 706 need not be uniform. Since each inte^ated gas stick to components include a pressure 

is independently mountable there is no need for uniform It 

lengths in gas sticks. Each gas stick may be only as long as regu a or. 

required for the specific process gas it is providing to the 11 A 8» dth ™? s y stem for ^ of p P roccss aod P ur & c 
process chamber. Thus, the present invention provides fur- S***' the 8 as dehver y s y stem SUItable for use in a semi * 
ther reduced gas contamination by allowing gas sticks to be 15 conductor processing system, the gas delivery system com- 
as short as possible. Since the processing gas then travels a prising: 
shorter distance to the processing chamber, the amount of a gas box; 

gas contamination is greatly reduced. a plurality of integrated gas sticks coupled to the gas box, 

While the present invention has been described in terms wherein each integrated gas stick includes a plurality of 

of several preferred embodiments, there are many 20 gas stick components and a base plate comprising a 

alterations, permutations, and equivalents which may fall printed circuit board and a healing layer wherein the 

within the scope of this invention. It should also be noted M dfcuit boafd afld ^ ^ { ^ s ^ 

that there are many alternative ways of implementing the t 4 . „ , c , , . T c j i 

... , 7 . c . 7 stantially define a plane and the two defined planes are 

methods and apparatuses of the present invention. It is . . «. „ . it _ , . r 

therefore intended that the following appended claims be 25 substantially parallel one another, wherein specific gas 

interpreted as including all such alterations, permutations, s ick .component of each integrated gas sUck are 

and equivalents as fall within the true spirit and scope of the electrically coupled to the printed circuit board of that 

present invention. integrated gas stick through the heating layer. 

What is claimed is: ^ ^ delivery system as recited in claim 11, wherein 

1. A gas delivery apparatus for control of process and 30 me base P late of each integrated gas stick further includes a 
purge gases, the gas delivery apparatus suitable for use in a heating layer, the heating layer capable of providing beat to 
semiconductor processing system, the gas delivery appara- gas flowing through the gas stick components. 

tus comprising: 13. A gas delivery system as recited in claim 12, wherein 

a base plate comprising a printed circuit board and a the base plate of each integrated gas stick further includes an 

heating layer wherein the printed circuit board and the 35 insulating layer, the insulating layer reducing heat transfer to 

heating layer each substantially define a plane and the the gas box. 

two defined planes are substantially parallel one 14. A gas delivery system as recited in claim 11, wherein 

another; the base plate of each integrated gas stick further includes a 

a plurality of gas stick components mounted to the base stiffening layer, the stiffening layer providing mechanical 

plate, wherein specific gas stick components are elec- 40 support for the plurality of gas stick components, 

trically coupled to the printed circuit board through the 15. A gas delivery system as recited in claim 14, wherein 

heating layer. the stiffening layer comprises a low thermal conductivity 

2. A gas delivery apparatus as recited in claim 1, wherein material. 

the base plate further includes a heating layer, the heating 16. A gas delivery system as recited in claim 11, wherein 

layer capable of providing heat to gas flowing through the 45 each integrated gas stick is independently mountable in a gas 

gas stick components. box. 

3. A gas delivery apparatus as recited in claim 2, wherein 17. A gas delivery system as recited in claim 16, wherein 
the base plate further includes an insulating layer, the each integrated gas stick is capable of being used in con- 
insulating layer reducing heat transfer to a gas box. junction with other integrated gas sticks of variable length. 

4. A gas delivery apparatus as recited in claim 1, wherein 50 18. A gas delivery system as recited in claim 11, wherein 
the base plate further includes a stiffening layer, the stiff- the base plate of each integrated gas stick has through holes, 
ening layer providing mechanical support for the plurality of 19. A gas delivery system as recited in claim 11, wherein 
gas stick components. the plurality of gas stick components of each integrated gas 

5. A gas delivery apparatus as recited in claim 4, wherein stick include a purge valve. 

the stiffening layer comprises a low thermal conductivity 55 20. A gas delivery system as recited in claim 11, wherein 

material. the plurality of gas stick components of each integrated gas 

6. A gas delivery apparatus as recited in claim 1, wherein stick include a pressure regulator, 
the base plate and plurality of gas stick components are 

independently mountable in a gas box. * * * * * 
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